Abstract. In order to solve the time-frequency feature extraction problem of the vibration signal, a fault diagnosis method based on Hilbert spectrum and singular value decomposition is proposed and applied to engine fault diagnosis. Firstly, the vibration signals are decomposed into a series of intrinsic mode functions by using empirical mode decomposition method. Secondly, Hilbert transform is applied to each intrinsic mode function and Hilbert spectrum of the vibration signal is got. Then the singular value method is applied to the Hilbert spectrum and the singular value vector is acquired. Finally, as feature vectors, singular value vectors are input into RBF network for identifying the different fault. Experimental simulation shows that this method can extract effectively the engine fault vibration signal characteristics.
Introduction
Aero-engine is the heart of the aircraft, so its reliable work is an important guarantee for airplane flight [1] . Therefore, it is very necessary for engine fault diagnosis to detect timely and accurately the potential and existential faults occurring in the engine and to guarantee the safe operation of the engine [2] .
Fault diagnosis is essentially a problem of pattern recognition, and the feature extraction and selection is the key to pattern recognition [3] . Wavelet method can extract local information of time domain and frequency domain of the vibration signal at the same time, so it has been widely used in the field of fault diagnosis [4, 5] . But the selection of wavelet basis function for wavelet analysis is a difficult problem. Literature [6] proposes an adaptive time-frequency analysis method which mainly uses empirical mode decomposition to get the intrinsic mode function. The method has achieved good results in the field of fault diagnosis. Literature [7] gets the intrinsic mode function of the gearbox vibration signal based on empirical mode decomposition, and then energy entropy of the intrinsic mode function is regarded as the fault feature. Literature [8] put forward a fault diagnosis method based on the singular value decomposition (SVD) of intrinsic mode functions and support vector machine (SVM), and this method decomposes vector formed by the intrinsic mode function based on the singular value decomposition method, and decomposition result is regarded as fault characteristic vectors.
SVD is a kind of important matrix decomposition, and the number of singular values reflects the number of independent row (column) vector in the original matrix. RBF network has the strong ability of mode identification and the data approximation, and has the information processing characteristics of self-study, self-adaptability, parallelism, robustness and redundancy, and widely used in fault diagnosis [9] .
In this paper, the vibration signals are decomposed into several intrinsic mode functions components based on empirical mode decomposition method. Then, Hilbert transform is applied to each intrinsic mode function component and the instantaneous frequency and instantaneous amplitude of vibration signal are acquired, and then the Hilbert spectrum of vibration signal is obtained. The Hilbert spectrum is decomposed based on singular value decomposition method, and the result after decommission is used as the characteristic vector of engine fault diagnosis to input into the RBF neural network for pattern recognition, verifying the validity of the above feature extraction method.
Fault Diagnosis Model
The Hilbert Spectrum. Literature [7] proposes the EMD method that signals is decomposed into a series of IMF components. This process not only eliminates modal superposition of waveform, but also makes waveform contour more symmetrical. After the EMD decomposition, the original signal can be represented as:
indicates intrinsic mode functions after the decomposition,
is the residual function. The Hilbert transform is applied to each intrinsic mode function and get: The Singular Value Decomposition. The matrix of time-frequency distribution is marked as A which are obtained by the Hilbert spectrum of vibration signals, and A is assumed as a n m  order matrix. This paper, the singular values of matrix A, the time-frequency structure characteristic of the Hilbert spectrum matrix of signal, can be obtained based on the singular value decomposition to matrix A. The larger singular values contain more information about the structure of the vibration signal among them. Therefore, we can use the singular values of the Hilbert spectrum as the characteristics of the mechanical fault diagnosis.
Model Establishment. Combing EMD decomposition, Hilbert transform, SVD method and RBF neural network to establish engine fault diagnosis model which is shown in Fig. 1 . The vibration signals are decomposed into several IMF components based on EMD method; Hilbert spectrum is obtained based on Hilbert transform applied to IMF components; the Hilbert spectrum is decomposed by SVD method; the singular values are input into RBF neural network for training and testing. Figure 1 . Engine fault diagnosis model
Application
The application data comes from the China national aviation company in this paper. Vibration experiment is conducted on instance engine test bed in the factory, and experiment uses DT9837 type data acquisition instrument [10] . Engine speed is 12300 r/min, and the sampling frequency is 2KHz. The data set includes 3 subsets that are the new engine subset, the long test engine (it has run for 600h) subset, the fault engine subset, and each subset corresponds to a state, containing 20 samples. Among the 120 samples, 90 samples are for training, and the remaining 30 samples are for testing, and the sampling points of each sample is 8192. The time domain waveform of vibration signals of engine three states are shown in Fig. 2 . Engines' three states are shown in Table 1 . In the test, the vibration signals are decomposed by EMD method, and IMF components are obtained. Hilbert transform is applied to the former ten IMF components extracted and the Hilbert spectrum is obtained. The Hilbert spectrum is decomposed by SVD method, and the result after decommission works as the characteristics information of the engine fault diagnosis. The former 50 singular value curve of vibration signal under the new state, long commissioning state and fault state of engine is shown in Fig. 3 . Table 2 . As shown in Table 2 , after the pattern recognition based on RBF neural network, the average training accuracy rate and testing accuracy rate is 97.98% and 98.07%, respectively; the minimum training and test accuracy rate is 86.63%% and 87.84%, respectively. A higher recognition rate achieved for fault diagnosis illustrates that the method based on singular value of Hilbert spectrum for turboprop engine fault diagnosis is effectiveness.
Conclusion
The Hilbert spectrum contains two aspects of information in time domain and frequency domain. Combining with the singular value decomposition method, time-frequency characteristics extraction of the Hilbert spectrum is realized. This paper, fault feature information of turboprop engine extracted based on the singular value of Hilbert spectrum provides sensitive and effective characteristic parameters for engine state recognition. Through the pattern recognition of the measured signal of turboprop engines under the new state, long text state and fault state, it is verified that the proposed method in this paper can extract accurately the engine fault feature.
